subsequently identified chemically and later synthesized. High doses of CL1 in clogs induced inanition, marrow hypocellularity, and high mortality [a()]. Chloramphenicol has a relatively simple structure and may \\-ark as a metabolic analogue. It may act as an analoguc to phenylalanine [24] , and to a pyrimitiine ribonucleotide [lo] .
Chloramphenicol exerts its antibiotic action specifically by inhibiting the synthesis of bacterial protein without directly affecting other metabolic processes [3, 231 . Studies on the mechanism by \vhich ChZ inhibits protein synthesis in microbial cell-free systems indicate that inhibition occurs at a stage following the attachment of amino acids to soluble RNA (sRNA) and at a site related to the ribosomal assembly of amino acids on template HNA [6, 11, 16 :. Chloramphenicol does not affect the activation of amino acids [G] or the transfer of amino acids to sRN\;,% [ll I, but does inhibit the transfer of activated amino acids from sl<NA to ribosomes [16] .
\%'hen Cl1 \\-as added to a culture of Eschericl~irr coli I) 10 min after infection with bacteriophage T2, the synthesis of deoxyribonucleic acid (DNA) proceeded in the absence of protein synthesis, and the nucleic acid produced had the characteristic base composition of bacteriophage DNA [a] . In this system \vith ChI the DSA \vill undergo genetic damage by ultraviolet light [22] , and it also can undergo genetic recombination [9] . Furthermore, mutations can be produced in the DNA of phage T2 synthesized in the presence of Chl [2] , and low concentrations induce abnormal shapes in bacteria [19] .
However, mammalian cells in tissue culture may be as susceptible as bacterial cells to inhibition by Cl1 [l, 71. hlammalian cells \\-ere inhibited when exposed to low or bacteriostatic levels of CM for extended periods of time. Chloramphenicol inhibited the antibody synthesis in cultures of rabbit lymph nodes after antigenic stimulation [l] . and the protein synthesis in strain D98S cells derived from human bone marrow [7] . The CM in the rabbit cells may have inhibited antibody synthesis by interfering with the function of new messenger RNA formed in response to the antigenic stimulus and the inhibition of the protein synthesis observed in treated bone marrow cultures may be due to a similar mechanism [7] . Moreover, CM has shown antigenic properties when attached to bovine gamma globulin with the production of a specific antibody when injected into rabbits [S] . Because of these striking effects on macromolecular synthesis, tests of the activity of CM on human somatic cells in culture were carried out. Human cultured leukocytes stimulated with phytohemagglutinin (PHA) were treated with various concentrations of CM to see the effect this drug has on (1) lymphocyte blast transformation induced by PHA, (2) mitotic activity, and (3) the chromosomes of these blastoid cells.
MATERIALS AND METHODS
The observations reported in this study were obtained from leukocytes of IO individuals, 7 normal adult females and 3 normal adult males between the ages of 20 and 40 with no history of prior drug ingestion, radiation exposure, or recent viral infection. Peripheral blood leukocytes were separated by means of erythrocyte sedimentation at room temperature for 1 h, and were grown in culture for 3 days according to the technique described by Moorhead et al. [13] . From 10 to 15 cultures were prepared from each donor with a control culture of the same individual's leukocytes running concurrently in each case. Each standard culture consisted of 10 million cells in 10.2 ml of medium (2 ml of homologous plasma, 8 ml of TC-199, and 0.2 ml of phytohemagglutinin M (Difco)), and were incubated at 37°C. Colcemide (Ciba) 0.05 pg/ml was added 3 h prior to termination of the cultures to accumulate metaphases. After 3 days of incubation the cells were harvested as previously described [15] . The chloramphenicol used was kindly provided by Parke, Davis & Company. It was freshly prepared for each experiment, dissolved in normal saline at 27"C, and added to separate cultures at 0, 24, and 48 h. Control cultures were established with 700 units of penicillin G and 0.7 mg of streptomycin, while in treated cultures the final concentration of CM varied from 9.69 lug/ml (3 x 1O-5 IM) to 96.9 pg/ml (3 x lo-* M. These antibiotics in solution were sterilized by filtration and incorporated in the medium to give the final concentrations noted. Chloramphenicol treated cultures were also studied with penicillin and streptomycin, but the presence of the 2 commonly used antibiotics made no difference in the results.
After resuspending the cells, an aliquot of 0.2 to 0.5 ml was removed and Wright stained coverslips were made to examine the morphology of these cells. To estimate mitotic activity, the percentage of mitotic cells and of transformed cells were determined by counting the number per 1000 mononuclear cells. The process of lymphocyte transformation includes cellular enlargement, a decrease in density of chromatin clumping and the appearance of prominent nucleoli. To insure counting consistency, only those cells containing 1 or more distinct nucleoli were scored as transformed cells, Cytogenetic studies were performed with these cells at 3 days, and some studies were performed at 4 days as well. , and an occasional granulocyte. The percentage of blastoid cells in all CM treated cultures was the same as in the controls, indicating that CM had no effect on blast transformation.
Mitotic index
The inhibitory effect on leukocyte mitoses by CM in concentrations varying from 9.69 to 96.9 pg/ml is demonstrated in Fig. 1 were scored on the control slides, and approx. MOO cells were counted for each treatment.
The mitotic index for the controls at 72 h \vas 6.5 per cent. Four individuals did not sho\v depression of the mitotic index at any time. The data obtained from 6 CM sensitive donors are presented in Fig. 1 . Since no significant differences were demonstrated among the 6 subjects or betlveen sexes, the data from all subjects are pooled for each treatment.
There was a rough linear relationship between the amount of CM present and the decrease in mitotic activity. Concentrations of 9.69 and 32.3 pg/ml of CM showed no significant mitotic inhibition in these cultures. However, doses of 64.6 and 96.9 ,ug/ml demonstrated inhibition. In the 72 h cultures the greatest inhibition of mitosis occurred with the higher concentrations, when CM was added at zero time. Much less inhibition was noted when the drug was added to the cultures at 24 and 48 h.
Cytogenetic studies
Chromosome preparations were made with control and CM treated cells at 3 and 4 days of cultivation. In the 3 day cultures, both controls and treated cells were normal from all 10 individuals. Chromosomes were normal not only in their morphology but also in number.
In 4 day cultures, the structural configuration of chromosomes was normal in all cultures. The chromosomal number was also normal in the 4 donors who did not show mitotic. inhibition in the CXI treated cultures. However, in the 6 donors who showed mitotic inhibition with CM, an increased percentage of cells containing multiples of the diploid chromosomal number vvere observed. Almost all the polyploid mitosis observed were tetraploid, but there were occasional octoploid mitoses, Fig. 2 . These tetraploid cells showed diplochromosomes characteristic of endoreduplication, as well as randomly distributed chromosomes.
DISCUSSION
In these experiments, the higher concentrations of CM did not interfere with the normal blast transformation of lymphocytes stimulated with PHA. Similar findings have been recently published [18] .
Definite inhibition of the mitotic index was noted in 6 of the 10 individuals tested when CM was added to the cultures. The explanation for this mitotic inhibition is not known but CM may act on spindle formation. Chloramphenico1 does inhibit bacterial protein synthesis 1231, and in dividing cells at least 95 per cent of the spindle is protein in nature !12]. Further, vvhen CM was added to newt cells in culture, it prevented the formation of a mitotic spindle of sufficient size to function efficiently. These newt cells continued to synthesize DNA, although they did not divide ['Ll] . It is also possible that the synthesis of individual enzymes or other specific proteins necessary for spindle formation might be inhibited. Others have found that Chl will inhibit alkaline Experimental Cell Research 53 phosphatase, amylase, aldolase, succinic dehydrogenase, catalase, and others [3] . Chloramphenicol did not inhibit the activity of the enzyme but only its synthesis, and higher concentrations of the antibiotic were necessary to show this effect.
In 4 day cultures, chromosomal polyploidy was observed in all individuals with a diminished mitotic index after treatment with CM. In the 4 individuals who did not show mitotic inhibition in their CM treated cultures, no polyploidy was found in the 4 day cultures.
The production of tetraploidy and endoreduplication may be due to abnormalities in the spindle or to some damage to the dividing mechanism of the cell [14] . None of the 3 day cultures showed polyploidy, so a cell must have time for a second mitosis before polyploidy can be produced. These observations suggest a direct relationship between the depression of mitoses, and the induction of polyploidy by CM in these individuals.
It is possible that these 2 events were induced simultaneously, but it is also possible that CM may act in different areas or at different times to produce the changes. Chloramphenicol induced a decrease in the mitotic index in 6 out of 10 normal subjects, and these 6 individuals showed increased polyploidy in 4 day cultures. These 6 individuals were all positive to the tuberculin skin test. In 4 out of 10 individuals the chloramphenicol treated cultures showed no diminution of mitotic index, and no evidence of polyploidy in 4 day cultures. These 4 individuals were negative to the tuberculin skin test.
